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5 Field of the Invention 

The present invention relates generally to collision detection mechanisms in 

wireless communication systems, and more particularly, to techniques for detecting a collision as 
a cause of not receiving an acknowledgement message in such wireless communication systems. 



10 Background nf the. Invention 

In a wireless digital communication system, a station obtains access to the 
medium for transmission (e.g., a radio frequency) by deploying an access algorithm. A system 
according to the IEEE 802.11 Wireless LAN standards, for example, uses the Carrier Sense 
Multiple Access (CSMA) algorithm. The CSMA algorithm initially listens to the medium and 
15 begins transmitting when the signal level is below a certain threshold. Even with the CSMA 
algorithm, however, collisions will occur. For example, a collision will occur when two or more 
stations start transmitting at the same moment. The 802.11 standard provides a mechanism to 
reduce this probability by using a random back-off counter and using priority windows for 
transmitting certain packets. In addition, collisions may occur due to a "hidden node" situation, 
20 where a transmitting station is not detected by a second station and the second station starts to 
transmit as well. A third station may receive both transmitted signals. One or both of the 
transmitted signals may not be detected or recognized by the third station. 

The 802 1 1 standard contains an acknowledgement mechanism to ensure that 
messages are properly received. After receiving a message in good order, the receiving station 
25 sends out an acknowledgement (ACK) message to the transmitting station. This ACK 
mechanism protects the system against packet loss, e.g., due to collisions. If a collision occurs as 
described above, one or two stations will not receive an ACK message on their transmitted 
message Nonetheless, an ACK message may not be received on a transmitted message, for 
example due to (i) an inherent detection failure (a false alarm probability versus a detection 
30 probability); (ii) bad signal quality (too much time dispersion); (iii) low signal power (too large a 
distance); or (iv) interference at the receiving station. 
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A given 802.11 implementation has several meehanistns available to overeome 
t „e inabimy to success** transit a message, .f me — g station did not rec^an 
ACK message, the transmitting stadon may retransmit me original message up to ~ U 
emitting station increases the random aeeess time w«h eaeh re.—, , th N reft,* 
fa „, the ftansmifting station may fty reftansmiss.ons wfth a mote tohus, «**~* 
example, if the N reftfes fail, the transmit station may successive* reft—, * . 
m ess ge on a lower rate (therehy providing more robust modu.at.on), accordntg , . . «H£ 
a,goriL. This proeeeds until the maximum number of refties is reaehed or unt.1 me ACK 
m Lge is received. ft is noted that the reeetving stadon may have — — 
nressage severa, times and have responded with an ACK message several ..me, The reeetvtng 
I „„ may determine ma, fts ACK message is not getting aeross (since messages are ^ 

after reception of each correct message. 

The transmitting station will react the same way 
, col.isions because dre transmitting station does no. know why the ACK message was no, 
et:: ' Although me system may have . robua, .mplementadon, the lach of — - * 
—ng ,a.,„n may result in inefftctent r.c.m, Por — 
cause of a lost ACK message, the reaction should not be the use 

I! a more robu, modu,a.,o„ may increase the message .ength as we, ft. a sy— ^g 
!0 traffic load (and thus having high coilision probabimies), a more robust modulatton nugh, he 
destructive reaction, causing even more traffic load. 

A need therefore exists for a method and apparatus for detecting a co.hs.on as a 

cause of not receiving an ACK message. 

-K Snmm^T ofthg Invention 

General*,: method and apparatus are disclosed for detecting a colhsmn tn a 

carrier sense muldp.e access wirdess communication system. Each transmuting s.tion =s 
a coUision detector tha, monitors me wireless medium to determme when a colhston ha 
HT me collision detector includes an energy leve, detector and optionally 
3„ detector or a preamble detector (or both). Tne collision detector evaluates the measured energy 
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,eve. and any pay.oad and preamb. detection infection to detenmne , a « 
occurred. Generally, if an ACK message is not received when expected, bnt tnstead an mcrcase 
energy .eve. (higher than the norma, background noise) is de.ec.ed, op.iona.ly combmed wtth 
rZb.e or payload detection information (no. ftom me ACK message,, .he — mg statton 

mav assume that a collision occurred. 

Once tiansmitted data has been successfully received by .he recipient sfction, .he 
r ecip.e„. sation nansmi, an ACK message back .„ the tiansmUting station. The col.ts.on 
de .ec.or of me presen. invention can be ac..v,ed, for example, a. a ..me correspond ^ * 
sart „f the 802.. . Short Inter Frame Space imerva, (i.e., jus. after a ti—on). The co, s.on 
ae.ec.or may remain on (i, until me end of .he expec.ed ACK message (wb.ch comc.des «nh . 
sta rt of ,he DIFS interval); (n) unti. .be expeCed s,art of new da,a (which co.nc.dea wuh .he 
„f ,he Dff S i„.erval); or (...) jus. long enough .o perform me collision de.ec.ion measuremen^ 
A disclosed coftision de.ec.ion a.gorithm eva,ua«es .he energy .eve. measurement and 
optionally .he preamble or payload de.ec.ion values (or bom) in accordance w,th predefined 
criteria to determine if a collision has occurred. 

A more complete understanding of .he presen. invention, as well as further 
fea«ures and advances of .he presen. invention, wi,. be oMained by reference .o .he fo.lowmg 
detailed description and drawings. 



20 Brifrf Descriptio n nf the Drawings 

FIG. 1 illustrates a wireless network environment in which the present mventron 

can operate; ^ ^ ^ ^ ^ ^ ^ ^ ^ t0 the 

IEEE802.il standard; 

FIG. 3 illusuu.es a time line for an exemplary access algorimm mcorporating the 

collision detection mechanism of the present invention; 

FIG. 4 is a schematic block diagram illustrating an exemplary colhsxon detector 



inco 



rporating features of the present invention; 
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m . 5 is a flow char, describing an exempt imputation of .he coUision 
d e,ec„on schemtic Wock ^ Q( eMmplary imp— ons for 

to payload de.ec.or of FIG. 4 for CCK and OFDM codes, respectively. 

BS! * LE ^ ng to one aspec, of .he — , collistons are de.ec.ed as a cause of not 
^ an ACK message. W,.h * —on, a — . s,,n can = 

* „nt received and can react appropriately. FIG. 1 illustraies 
ACK message was not received ana c The wireless network 

„.„i l fin in which the present invention can operate. 1 he wireie 
network environment 100 » w j re less LAN or a portion thereof. As shown in FIG. 1, 

environment ,00 may he, fc — * ^ P n0> _ icate 

a nnmber of stations 110-1 through 1 10-N, collecttvely ret 

™ more wireless channels in the wireless digital commun.ca.ton system 
over 0 „e - to a ^ distribution network 105 with other access 
acc ess pom. 120 is typtcally ffl , 

points (not shown, * acceas otntUO ^ yP ^ ^ ^ _ ^ ^ 

known manner. The stations nun j telephone, 

, ■ w : nff a wire less communication capability, such as a cenuiar ic F 
devices, or any device having a wireless cu 1 10 may also 

. • * or naapr It is noted that two or more stations 1 iu may 
personal digital assistance or pager. It no Distribute d Control 

communicate directly with one another, without the Access Point 120, in Distn 

Function (DCF) mode. implemented, for example, in 

The wireless network environment 100 may be imp "Wireless LAN 

■* «. TFFE 802 11 Standard, as described, for example, in Wireless LAIN 

accorda nce with ?hysic , Layer (PHY) Specifications (1999); IEEE Std 

Medium Access Control (MAC) J 1999 - IE EE Std 802.11b; Higher-Speed 

802.11a; High-speed Physical Layer in the 5 GHz band 1999, 

, Physical Layer Extension in the 2.4 GHz Band; 1999; or IEEE Std ™ "^> 
5 f nysicai ^ vers on; January 200, eacn 

Higher-Speed Physical Layer Extension in the 2.4 GHz Band, Dra 

incorporated by reference herein. 

According to one aspect of the invention, one or more of the stations 
11 ion dete^ 4 0 as discussed further below in conjunction with FIG. 4, that evaluates one 
30 - to determine when a collision has occurred. In addition, one or more 
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, • llte a collision detector 400. While the exemplary 

access points 120 may optionally mcludea ^ ^ ^ ^ 

potmen, of the present invention ,s des nbed P ^ ^ a ^ rf 

can also be implemented in an access po-nt U , ^ e „ ergy level 

ski „ „ «he art. As discussed tamer below, d> c* ^ ^ „ ^ XCK 

nc.ec.or and oplronally a payload de.ec.or o r ^ ^ ^ ^ ^ ^ 

message is no. received when expected, W- or ^ detecti „n 

normal background noise) is derecred, <*~*^ ^ , hat . collisi „„ occrnred. 

, apk message), the transmitting station may tn the medium for 

(not from the ACKtnessag ^ ^ access t0 the med 

As previously indicated, m shown m FIG. 2. 

,,, a - - : t b : — - -i- - - ~ 

n0 . 2 illustta.es a ..me tare 200 an P ^ ^ „ , tme 20 5. 

st a„ a ard. As shown in HO. 2, me tt— * ^» ^ recipient st a„on H0- 

Aft er .he data has been received correctly by .he «, at a time 215. A 

, Sho rt .nler Frame Space (SIPS, occu. , ^ fc ^ . D , stribut e 

and transmitting me ACK message .0 me »-» ^ ^ tey may start 

W er Prame Space (DIPS) is a period « - ^ . random ^ 

emitting a new message. The "J from ^ station may « a 

period in orde, .o avoid eolhs.ons. Thu , - imp ,emen.atton, that o.her 

20 Lorn momen. w..h.n me con.en.ion wmdow 2^ ^ ^ ^ rf fce ot 
stat ,on 1 10 may « * «— » " ^ „ f . AC K, whether is will be acmally 

stati0 „ UO, Otthe. imp—ons wa, - h e ^ ^ ^ « 

emitted o. no, Since .he S.FS penod s ^ ^ 

oth er stations defer for the ACK message o— 1 ^ ^ ^ xm , 

As previously indicated, even w, he ^ , ^ can 

For example, if two or more stations hav *e sam ^ ^ ^ ^ by . 

occur. ».^^«^r , ? 0 , 1 ir»l--«* 

second s,a..on 110-2 and me second « rf ^ ^ sie ra.s may no, be 

3 m ay receive both ttansmitted s,gna.s. One 
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detect or record by the third station. While the present invention does no, avoid such 
collisions, the invention detects that a collision has occurred. 

FIG 3 illustrates a time line 300 for an exemplary access algorithm incorporating 
to collision detection mechanism of to present invention. As shown in F.G. 3, to tiansmitting 
station 1 10-t starts sending data a, a time 305. After to data has been received correctly by to 
recipient station UO-r, the recipient station 110-r transmits an ACK message back to to 

„ , » .;„,. 1 1 s As shown in FIG. 3, the collision detector 

transmitting station 1 10-t, beginning at a time 315. As shown in 

400 of to ptesent invention can be activated, for example, a. a time 325, cotrespondtng to to 
star, of to SIFS interval. In other words, to transmitting station 1 10-t activates to collision 
detector 400 jus. after a transmission. The collision detector 400 may remain on (i) unttl to end 
of to expected ACK message (which coincides with to star, of to DIFS interval); (ii) unit the 
expected star, of new data (which coincides wtth to end of to DIFS interval); or (iii) jus, long 
enough ,o perform the collision detection measurements discussed below. 

When the collision detection window is activated just long enough to do to 
detection, this would optimally be to SIFS period. A given 802.11 imp.emenra.ion, however, 
may no. be able to star, receiving (e.g., performing the energy level measurements) immediately 
after a transmission. Thus, to collision window can start jus, after to SIFS in.erv* and 
continue until the las, detector is ready. When to collision detector 400 considers only to 
energy level (and no, preamble or payload detection) this is until to end of to energy level 
measurement, hence 1 -4 symbols. When to collision detector 400 considers to energy level as 
we,, as preamble or payload detection, to Barker payload detee.or may be to boftleneck, fakmg 
a significant par, of to 20 ps s,o, time (14 ps for WaveLAN). This overlaps with an expected 
ACK Hence, firs, U must be determined if to received signal is an expected ACK (posstbly a 
foil reception of a packe, is requited ton), before to collision detector can be val.da.ed. 

FIG 4 is a schematic block diagram illustrating an exemplary coll.s.on detector 
400 incorporating features of to present invention. As previously indicated, to collision 
detector 400 includes an energy level detector 410 and optionally a preamble detector 420 or a 
payload de.ec.or 600 (discussed further below in conjunction with FIGS. 6A and 6B) (or bo,h> 
,„ addition, to collision detector 400 includes a collision detection algorithm 500, dtscusse 
, further below in conjunction win. FIG. 5, that evaluates to energy level measurements and 
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optionally the preamble or payload detection values (or bod.) in accordance with predefined 
criteria and determines if a collision has occurred. Generally, the energy level detector 410 
measures the energy level of the incoming signal. If no signal is received, the energy level 
detector 410 measures the background noise (silence level). The preamble detector 420 and 
i payload detector 600 detect the preamble and payload portions of a packet, respecttvely. Thus, tf 
an ACK message is not received when expected, but instead an increased energy level (htgher 
than the normal background noise) is detected, optionally combined with preamble or payload 
detection (not from the ACK message), the transmitting station 1 10-t may assume that a colhston 
occurred. 

0 The energy level detector 410 may be embodied using the energy level detectors 

already included in conventional 802.11 receivers for other purposes. Generally, the energy 
level detector 410 performs a Received Signal Strength Indication (RSSI) measurement to 
determine the energy level. The integration constant may be, for example, one to four symbols 
for the exemplary IEEE 802.11 implementation. Generally, if the integration constant is too 

l5 short peak measurements are obtained. If the integration constant is too long, the response is 
accurate, but long. As discussed below in conjunction with FIG. 5, a collision detect threshold 
should be established to reflect the inaccuracy of the energy level measurement. The collision 
detect threshold can be either a fixed predetermined value or an estimated value based on 
historical values. For historical values, the collision detect threshold is typically the background 

20 noise or silence level plus a predefined margin. 

The preamble detector 420 may be embodied using the preamble detector already 
included in conventional 802.11 receivers for other purposes. As previously indicated, the 
payload detector 600 is discussed below in conjunction with FIGS. 6A and 6B. 

FIG. 5 is a flow chart describing an exemplary implementation of the collision 
25 detection algorithm 500. As previously indicated, the collision detection algorithm 500 evaluates 
the energy level measurements and optionally the preamble or payload detection values (or both) 
in accordance with predefined criteria and determines if a collision has occurred. As shown in 
FIG 5 the collision detection algorithm 500 initially performs a test during step 510 to 
determine if the time interval is over for the expected receipt of an ACK message or a packet 
30 header. If it is determined during step 510 that the time interval is not over, then program control 
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waits until such time interval is over. If, however, it is determined during step 5.0 that the tune 
interval is over, then a further test is performed during step 515 to determine if an ACK message 
or paeke, header was property reeetved. In this manner, any reaetion on me collision defectum ts 
postponed until me ACK or data header should have heen received. If the ACK or data header ,s 
received correctly during step 515, then further reaction on the collision detection is abandoned 
and program control terminates. In a further variation, the transmitting station t MM onty watts 
for an ACK message and reacts on preambles in the mode it can expect For instance, a message 
with OFDM modulation results in an ACK message with an OFDM preamble and OFDM 
modulation. A CCK message wi.l result in an ACK with a Barker preamble. Thus, me preamb.e 
detector 420 of the other-.han-expected modulations are then parts of the colliston detect 

condition. , 

If, however, the ACK message or packet header is not correctly reeetved then 

program control proceeds to step 520, and opfionaf.y steps 530 and 540, where energy level, 
preamble detection and payload defection measurements are evaluated, respectively. The ACK 
takes many us, as well as any preamble. The actual measurements for steps 520-540 should 
already be performed at the beginning of the ACK or packet. They are evaluated or valtdated as 
indicated in FIG. 5. A further test is performed during step 550 to determine if a col.ts.on has 
been detected. For example, the collision detection algorithm 500 may employ one or more of 
the following rules during step 550 to determine if a collision has been detected: 

o CollisionDetect (EnergyLeve. > Co.lisionDetectThresho.d); 

o Co..isio»De.ec. (EnergyLevel > CollisionDetectThreshold) AND (Pay.oadDe.ect); 

o Co.lisionDe.ee. ;= (EnergyLevel > CollisionDetectThreshold) AND (Pay.oadDetec, OR 
PreambleDetect), 

where CollisionDe.ec, Flag is a flag .ha. is set during step 560, when appropriate for a detected 
collision; EnergyLevel is a numerical value determined by .he energy level de.ec.„r 410 
representing .he energy level; CollisionDetectThreshold is a numerical threshold above whtch 
the enegery level indicates that another source is transmitting; Pay.oadDetect is a flag set by the 
payload detector 600 indicating tha, a Barker, CCK or OFDM payload has been detected; and 
PreambleDe.ee, is a flag se, by the preamble detector 420 indicating that a preamble of a Barker, 
3 CCK or OFDM signal has been detected. 
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If i, is determined during step 550 that a collision has been detected, then the 
CollisionDetec. flag is set dnring step 560, before program control terminates. If, however, tt . 
determined during step 550 that a coflision has no. bee, detected, then program oon.ro. 
terminates without setting the CollisionDetect flag. 

I, is noted that the second and third alternative definitions employed dunng step 
550 uses the pay.oad detector information. The payload detector information is useful, for 
example, in an environment where varying background noise or interference from other dev.ces 
(no, wireless LANs using the same standard) is expected. For those cases, a high-energy level 
does no, necessarily indicate a collision but merely too much interference and a different reaction 
.nay be appropria,e. The ,hird alternative definitions employed during s,ep 550 also uses ,he 
preamble detector information. Normally, ,he s<a,inn 1 10 always starts receiving and processing 
fhe incoming s.gna, when a preamble is detected. However, there are a few situations where 
processing the preamble or the following data is stopped- ■» cases, the usage of the 
PreambleDetec, condition in the third collision detection definition is useful. For example, 
processing may be stopped where the message is intended for another station; the message ^ 
invalid SIGNAL fields; or the energy level is be.ow a certain detection threshold. I. ,s further 
noted that the various alternative Co.lisionDe.ee, definitions can be used in afferent stages of 
the access mechanism. For example, me Pay.oadDetec, and PreambleDe.eC are useful dunng the 
Sips or DIPS intervals where no signal should be present. The Pa y loadDe,ec, (depending on me 
modulation) provides useM information if it is enabled during the preamble phase. 

FIGS 6A and 6B are schematic block diagrams of exemplary implementattons for 
flre payload detector 600 of FIG. 4 for CCK and OFDM codes, respectively. It is noted ma, for 
Barker codes, me pay.oad de.ee.or 6O0 may employ the same circuitry as .he preamble detech* 
420 discussed above. For Complementary Code Keying (CCK) and OFDM symbols, the 
payioad detector is no, the same as the preamble and dedicated pay.oad detectors may be 
Ipptied For CCK, the CCK codes are to be detected. For OFDM, OFDM symbols must he 
detected. The payload detectors for CCK and OFDM codes may be embodied, for example m 
accordance wrth the .cachings of United SUa.es Paten, AppHcation Serial Number 09/9 9,5, 1 
filed July 31 2001 or corresponding European Patent Application BP 1,178,630 Al, each 
, entitled "Wireless LAN With Enhanced Carrier Sensing," and incorporated by reference herem. 
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FIG 6A is a schematic diagram of an exemplary payload detector 600 for high bit 
rate payload transmission is shown, for high hi, rate carrier detection in the 2.4 ^ band fus 
noted that OFDM high-speed modulation is now par, of the 2.4 GHz hand as wen, defined y * 
IEEE 802, Ig standard. The Bate and CCK modulation are also part of mis new standard. Th 
Barlter preamble de.ec.or de.ec.s Barker codes. De,ec,or 600 of FIG. 6A detects the CCK stgna. 
whi ,e detector 650 of FIG. 6B wiU detect OFDM. The detector 600 is baaed on a complex-valoed 
processing filter. 

The detector 600 comprises an input, an output, sununatton untts 601, 606, 607, 
signal delay unto 602, 603, multiplication units 604, 605, 609, 610, and a conjugation urn, 608. 

In the detector 600, the input is connected to the first summation unit 601, whtch 
connects to the second and the third summation unit 606, and 607, respectively, «d to the firs. 
oel ay uni. 602. The firs, delay unit 602 connects , me firs, multiplication urn. 605 and m *e 
second delay uni. 603. The second delay uni. 603 connects .0 .he second multipl.cahon unt. 604, 
which connects again .o .he firs, summation uni, 601. The firs, multiplication un,, 605 ts 
connected ,o ,he second summation uni, 606, which is fttrmer connected to me con^ton urn 
608 The firs, multip.icatton unit 605 is further connected ,o .he nurd summatton unt. 607 
thW summation uni. 607 is connect to me Otird multiplication unit 609, whtd, also . 
conneced with me conjugation uni, 608 and the fourth multiplication uni, 610. The fourth 
multiplication unit 610 is further connected to the output. 

A signal, entering me input, is directed through the detector 600 along the path as 
indl ca,ed by the depicted arrows, and is processed by .he processing unto 60.-6.0 on to path 
To summarize to function, in me detector 600, a comp.ex signa., en,ering the tnpu. the I 
(in-phase) componen. and me Q (quadrature) component of a received signal) is supplted to rivo 
„R (infinite Impulse Response) filters wnh a known hi- q nad struchue. The signa.s m me two 
, respective .IR filters are multiplied wim each other ,„ produce only the imaginary component (a. 
the .bird mu.tip.ica.ion uni. 609) which is used for in.egm.ion (or summation) after stgn 
inversion of me odd numbered samples (a, ,he fourih multiplication uni, 610). Such an 
integration resul, can be used for symbol timing hacking because of the phase alterattons of me 
CCK. signal which occur every 91 ns (at 1 1 MHz chip rate). 
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With the chip rate of 1 1 MHz as defined by IEEE 802.1 lb and a chosen sampling 
rate of 22 MHz, a chip duration entails two sampling intervals. The modulation defined in IEEE 
802.11b at 5.5 Mbps and 11 Mbps is based on assigning 16 and 256 CCK patterns out of 48 
possible patterns per symbol interval of 8 chips with 4 possible phases between the I and Q 

component of a received signal. 

However, due to the random-like phase jumps once per chip interval, the received 

signal appears as a QPSK signal at 11 MHz. The ratio of 2:1 between sampling rate and chip rate 
provide a simple way of digital signal processing with IIR filter coefficients of 0, +1, -1, +i, and - 
i. When using another ratio different from 2:1, the processing would require a more complex IIR 
filtering approach with complex-valued multipliers other than 0, +1, -1, H and -i, and would 

include a higher computational load of a DSP. 

Furthermore, to distinguish between noise and QPSK signals, the DSP compares 
the phase of the received signal after every 22 samples. The difference of the absolute phase is 
integrated over the whole integration period, except for an initial blank time (due to the finite 
response time of the IIR filters). In case of QPSK signals, a strong phase correlation is found, 
which is absent for noise. In this embodiment of the present invention a reliable detection of 
CCK (payload) signals can be achieved by combining the signal level information, the low bit 
rate carrier detection, both known from the prior art, and the high bit rate carrier detection by 
payload detector 600 using the phase correlation between sampled QPSK signals. 

In wireless LANs according to IEEE 802.11a that use the 5 GHz band with 
OFDM modulation, and in wireless LANs according to IEEE 802.11g that use the 2.4 GHz band 
with OFDM modulation, a carrier detector in a wireless LAN device (station 1 10 or access point 
120), is capable of sensing both preamble and payload transmissions in a similar way as for a 
wireless LAN as defined by IEEE 802.1 lb. Carrier sensing is also performed on the signal level, 
preamble transmission, and payload transmission. During signal level sensing, the signal level of 
a received signal is determined. The detection of a preamble transmission involves a signal 
synchronization and training procedure, in a known manner. 

However, due to the different modulation methods QPSK and OFDM, the 
payload carrier detection cannot be performed as disclosed for FIG. 6A. In a payload data frame 
transmitted as a OFDM modulated signal, the payload symbol is encoded by cyclic extension in 



Boer 8-28-6-6 



OTdCT to enhance «he robustness of transmissions: within a payload symbo. interval of 4 us a firs 
sigMl transmitted durin g the fir, 800 ns of the interva., is repeated by a second idennca. J 
during the .as. 800 ns of the interva.. Therefore, fire pay.oad de.ec.or 650 shown ,n FIG. 6B . 
based on .he cyc.ic extension of symbo,s, and fine an,„-eorre,a.ion of Are firs, stgna, w,.h the 
second identical signal with die symbol interval. 

Similar to FIG. 6A for .he high ra.e carrier de.ec.ion in .he 2.4 GHz band, FIG. 
oB shows a sche.na.ic implementation of a pay.oad detector 650 for high ra.e pay.oad OFDM 

transmission (can be both in 2.4 and 5 GHz). 

The detector 660 comprises an input, an output, a summation unit 654, signal 
de.ay units 65., 656, mu.tip.ication units 653, 655, and a conjugation unit 652. .n the detector 
650, the inpu. is connected to the firs, mu.tip.ica.ion unit 653, which is connects to the 
summation unit 654 and the conjugation unit 652. The inpu. is also connecied through a second 
Une with the first signal delay unit 65,. The firs, signa, de.ay unit 65. connects to «h 
conjugation unit 652. The firs, multiplication unit 653 further connect to me summation urn 
6 Twhich connects to the second multiphcarion urn, 655 and the output 65Z The second 
mu.tip.ica.ion unit 655 is a.so connected with the second signa, de.ay unit 656, whtch a,so 

connects to the output 657. . n 

A signal, entering the input of detector 650, is directed through detector 650 along 
,be path as indicated by die depicted arrows, and ,s processed by the processing units 65 1-656 on 
its path. To summarize Us function: in detector 650, a complex signa, entering the input (re. h 
, (incase) component and the Q (quadrature) component of a received signal) ts 
with the complex conjugate of its 3.2 ps delayed version (a, the firs, multiplicauon unt. 653 
which gets a, an interva. sampling rate of 20 MHz the conjugate of die 64 samp.es delayed 
version of the received signa. in question), the rea,-va,ued signa, from this muU.phcat.on , 
, averaged by a leaky in.egfa.or (comprising the summadon unit 654, the second muUiphca on 
u „it 655 and the second signa. de.ay unit 656) to determine an average va,ue of the cordon 
between the inpu, signal and Us 3.2 ps ddayed version for me .as, period (of ,6 sump.es, whrch, 
a, a sampling rate of 20 MHz, cover an 800 ns interval). 

The leaky integrator provides a time-baseo output signal in which au«o-correla..on 
„ peaks with a period of 4 pa are present. By means of these periodic peaks the payload detector 
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650 determines whether a payload transmission is in progress or not. (In case a signal without 
cyclic extension is received, no anto-correlation peaks will be present, which indrcates the 

absence of a payload transmission.) 

By observing the signal level information, the low bit rate preamble earner 
, detection, as well as the high bit rare payload carrier detection, a more tenable carrier sense 
detection of OFDM (payload) signals can be achieved. 

It is to be understood that the embodiments and variations shown and described 
herein are merely illustrative of the principles of this invention and that various modifications 
may be implemented by those skilled in the art without departing from the scope and sptrt. of the 
10 invention. 
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